The machine h a s a r e l a t i v e l y l a r g e plasma a s p e c t r a t i o of 5, more t y p i c a l of r e a c t o r s than present-day tokamaks.
The l a r g e r a s p e c t r a t i o allows t h i s machine t o have a very l a r g e i n d u c t i v e d r i v e (35 volt-seconds) allowing p u l s e times of s e v e r a l minutes a t d e n s i t i e s t o o h i g h f o r RE s t e a d y -s t a t e c u r r e n t d r i v e , which w i l l however, b e poss i b l e a t reduced d e n s i t i e s .
S t e a d y -s t a t e RF power w i l l i n c l u d e 5 MW of ICRF h e a t i n g and 4 MW of LH c u r r e n t d r i v e . The machine has 24 t o r o i d a l f i e l d c o i l s , "Dee" shaped t o accommodate elongated plasmas (K = 1.6) and t o i n c o r p o r a t e a s i n g l e n u l l
p o l o i d a l d i v e r t o r . The s t o r e d energy i n t h e t o r o i d a l f i e l d i s 550 M J .
As shown i n (Fig. l ) , t h e superconducting c o i l systems a r e contained i n a common vacuum system a s i s t y p i c a l of tokamak r e a c t o r d e s i g n s . Each t o r o i d a l c o i l i s i n a sepa r a t e heavy-walled c r y o s t a t which s e r v e s a s both a s t r u c t u r a l s u p p o r t and cryogenic containment v e s s e l .
The c e n t r a l O H c o i l and i n d i v i d u a l p o l o i d a l f i e l d c o i l packages a r e contained i n i n d i v i d u a l n o n s t r u c t u r a l v e s s e l s , of s p e c i a l c o n s t r u c t i o n t o inc r e a s e t h e i r t o r o i d a l r e s i s t a n c e .
The plasma chamber and a c c e s s p o r t s u t i l i z e a second independent vacuum system, a llowing vacuum-break a c c e s s t o t h e v e s s e l without warm-up of t h e superconducting magn e t s . V e r t i c a l a c c e s s i s provided between every c o i l , b u t h o r i z o n t a l a c c e s s i s only provided a t every o t h e r c o i l i n o r d e r t o allow f o r s t r u c t u r e t o resist t h e overturni n g moments. The c o l d mass i s supported from t h e c e n t r a l s e c t i o n of t h e comon vacuum chamber, allowing removal of both covers. The c e n t r a l s e c t i o n i s i n t u r n supported from t h e f l o o r by out-board l e g s , allowing removal of a l l PE c o i l s i f r e q u i r e d .
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The DCT d e s i g n r e q u i r e s a 1 0 t e s l a peak f i e l d a t t h e conductor.
The two TF magnet approaches g e n e r a l l y c o n s i d e r e d f o r f i e l d s above 8 T a r e Nb3Sn a t 4.2 K, o r NbTi a t 1 . 8 K.
Niobium-tin h a s t h e d i s a d v a n t a g e of r e q u i r i n g s t r i n g e n t q u a l i t y c o n t r o l t o a s s u r e undamaged m a t e r i a l p r o p e r t i e s , and 1 . 8 K NbTi r e q u i r e s a more complexcryogenic system and a "double case" magnet s u p p o r t concept. W e have chosen Nb3Sn based on i t s advantages of a s i m p l e r requirement on cryogenic systems and a g r e a t e r energy margin f o r s t a b i l i t y a g a i n s t d i s t u r b a n c e s , p a r t i c u l a r l y a t h i g h e r f i e l d s .
W e have s e l e c t e d t h e niobium-tin conductor of t h e t y p e used i n t h e Westinghouse LCP c o i l and i n t h e MIT 1 2 t e s l a t e s t c o i l . (Approximately twenty-two tonnes of t h i s c o nductor have been f a b r i c a t e d by A i r c o , approximately 40% t h e t o t a l needed f o r a l l t h e DCT c o i l s . )
While A l c a t o r DCT w i l l u s e t h e bronze-process NbgSn conductor used i n LCP, we have proposed f o u r improvements: (1) h e a t t r e a t m e n t a f t e r winding, which w i l l r e l i e v e t h e need f o r s e v e r a l d i f f i c u l t q u a l i t y c o n t r o l s t e p s d u r i n g winding; (2) elimination of t h e s u b s t r u c t u r e s u p p o r t p l a t e s which w i l l l e a d t o a more economical cons t r u c t i o n ; (3) use of p o o l -b o i l i n g helium o u t s i d e t h e ground wrap t o provide a simple technique f o r removing a v e r a g e h e a t l o a d s w h i l e s t a g n a n t helium i n t e r n a l t o t h e cond u c t o r p r o v i d e s a h i g h d e g r e e of s t a b i l i t y ; ( 4 ) u s e of a d u a l c y c l e h e a t treatment and a n Incoloy 903 s h e a t h , which t o g e t h e r d r a m a t i c a l l y reduce t h e s t r a i n d e g r a d a t i o n of t h e m a t e r i a l . /l/
The energy margin a g a i n s t t h e e f f e c t of plasma d i s r u p t i o n s and o t h e r d i s t u r b a n c e s , is p r e d i c t e d t o be about 500 &/cm3 of w i r e f o r t h e conductor.
This margin .has been confirmed on s u b s c a l e conductors u t i l i z i n g fewer f u l l s c a l e s t r a n d s , and is c o n s i s t e n t with l e v e l s p r e d i c t e d by t h e a n a l y t i c a l models. D i s r u p t i o n s a r e expected t o d e p o s i t approximately 50 &/cm3 and hence t h e conductor s h o u l d have a l a r g e margin of s a f e t y i n t h i s regard.
The winding w i l l be c o n s t r u c t e d from s i x double pancakes which a r e 11 l a y e r s deep. At 10 t e s l a peak f i e l d , t h e conductor o p e r a t i n g c u r r e n t w i l l be 23 kA, 58% of t h e c r i t ic a l c u r r e n t a t 1 0 T, 4.2 K, and 32% void f r a c t i o n . As i n t h e MIT 12 t e s l a c o i l 121, we propose t o h e a t -t r e a t t h e conductor a f t e r winding t o e l i m i n a t e t h e danger of a c c id e n t a l damage d u r i n g winding. A f t e r h e a t t r e a t i n g , t h e t u r n s can be e a s i l y s e p a r a t e d , r e i n s u l a t e d , and t h e pancakes t h e n epoxy impregnated.
Each double pancake w i l l b e epoxy impregnated s e p a r a t e l y and w i l l c o n s i s t of a s i n g l e 150 m e t e r l e n g t h of conductor. We b e l i e v e t h a t t h i s a b i l i t y t o epoxy impregnate and f u l l y i n s u l a t e thewindi n g g i v e s r i s e t o a winding pack of more p r e d i c t a b l e modulus t h a n a non-impregnated winding, and one w i t h b e t t e r i n s u l a t i o n c h a r a c t e r i s t i c s .
It i s n o t n e c e s s a r y t o c i r c u l a t e helium f o r s t a b i l i t y ( l o c a l pressure-driven mass flows provide adequate t r a n s i e n t h e a t t r a n s f e r , / 3 / ) b u t i t i s n e c e s s a r y t o remove t h e average h e a t l o a d o v e r a c y c l e due t o d i s t u r b a n c e s and h e a t leakage. While t h i s could be done by low v e l o c i t y c i r c u l a t i o n o f t h e s u p e r c r i t i c a l helium, i t may b e e a s i e r t o simply p r o v i d e a c c e s s f o r atmospheric p r e s s u r e 4.2 K helium t o t h e f a c e s o f t h e winding pancakes. The conductance of t h e t h e r m a l p a t h , even through t h e epoxyg l a s s ground i n s u l a t i o n of t h e pancakes, would b e s u f f i c i e n t t o remove t h e average heat.
Each double pancake w i l l t h e r e f o r e be assembled w i t h s p a c e r s t o p r o v i d e 1 . 5 mm gaps t o provide supplemental e x t e r n a l c o o l i n g .
The winding pack w i l l b e e n t i r e l y supported by t h e heavy w a l l c a s e which surrounds it. The conductor s t e e l c o n d u i t i s n o t expected t o c a r r y a p p r e c i a b l e in-plane t e n s i o n load, (although i t i s c a p a b l e of c a r r y i n g s i g n i f i c a n t l o a d s ) , b u t must c a r r y t h e r ad i a l compression l o a d s w i t h i n t h e winding pack. We have performed mechanical t e s t s on a r r a y s of c o n d u c t o r s which have been p o t t e d i n t o a s u p p o r t c a s e , and i n f e r f r o m t h e l i n e a r behavior t h a t t h e average r a d i a l p r e s s u r e s of 50 MPa on t h e lowest f i e l d conductors can b e r e a d i l y accommodated.
The p o t t i n g a p p e a r s t o p l a y a n important r o l e . A l c a t o r DCT i n a s i n g l e -n u l l d i v e r t o r c o n f i g u r a t i o n e x p e r i e n c e s a s t r o n g nonsymmetric out-of-plane l o a d . The method f o r r e s i s t i n g t h e o v e r t u r n i n g moments i s t o u t i l i z e s t i f f top-to-bottom elements between e v e r y o t h e r c o i l , and t o use f a s t e n e r s azd keys on a l l s l i p s u r f a c e s . 
We have chosen t o u s e superconducting p o l o i d a l f i e l d c o i l s on t h e DCT machine t o prov i d e t h e most economic s o l u t i o n f o r t h e c a p a b i l i t y t o r u n long p u l s e s .
Were t h e PF c o i l s t o b e copper r a t h e r t h a n superconducting f o r example, they would consume more than 100 MW a t f u l l e x c i t a t i o n . The proposed c o i l set shown i n (Fig. l ) , i s a h y b r i d system i n t h a t any g i v e n c o i l performs m u l t i p l e f u n c t i o n s , f o r example, both an inductive d r i v e and a n e q u i l I n t e r n a l l y cooled conductors, a g a i n i n t h e form of t h e Westinghouse/Airco conductor a r e under study a s t h e l e a d i n g PF conductor c h o i c e . That conductor form i s s u f f i c ie n t l y subdivided and h a s a l a r g e c o i l manufacturing d a t a b a s e through LCP. While such PF conductors might w e l l u t i l i z e Nb3Sn s t r a n d s , t h e lower f i e l d s t y p i c a l of t h e PF c o i l s allow NbTi s t r a n d s (7.0 t e s l a c e n t r a l s o l e n o i d , 2.0 t o 5.0 t e s l a , EF c o i l s ) . The i n t e r n a l l y cooled conductors permit f u l l epoxy impregnation and t h e r e f o r e such superconducting PF c o i l s can s h a r e i n t h e l a r g e d a t a b a s e f o r impregnated copper conv e n t i o n a l c o i l s . Non-impregnated pool-cooled c a b l e conductors have a very l i m i t e d mechanical performance d a t a b a s e .
Alcator DCT can u s e t h e Westinghouse/Airco s h e a t h i n e x a c t form (although made from 316 LN s t a i n l e s s -s t e e l ) i n o r d e r t o u t i l i z e t h e e x i s t i n g t u b e m i l l without f u r t h e r development. A PF conductor would t y p i c a l l y need t o have a copper t o superconductor r a t i o of 5 t o 1 t o g i v e adequate s t a b i l i t y under p u l s e f i e l d c o n d i t i o n s and hence would n e c e s s a r i l y have a lower o v e r a l l c u r r e n t d e n s i t y t h a n t h e DCT TF conductors. A s h e a t h of t h e Westinghouse/Airco dimension c o u l d c a r r y a c a b l e capable of c a r r y i n g 12.5 kA, h a l f t h a t of t h e TF conductor. We would propose t o use two o r more such cond u c t o r s wound-in-hand t o b u i l d up a s u i t a b l e t o t a l c u r r e n t l e v e l of 25 kA t o 50 kA.
